Abstract. Several consequences of the passage of the solar system through dense interstellar molecular clouds are discussed. These clouds, dense (more than 100 cm −3 ), cold (10-50 K) and extended (larger than 1 pc), are characterized by a gas-to-dust mass ratio of about 100, by a specific power grain size spectrum (grain radii usually cover the range 0.001-3 micron) and by an average dust-to-gas number density ratio of about 10 −12 . Frequently these clouds contain small-scale (10-100 AU) condensations with gas concentrations ranging up to 10 5 cm −3 . At their casual passage over the solar system they exert pressures very much enhanced with respect to today's standards. Under these conditions it will occur that the Earth is exposed directly to the interstellar flow.
Introduction
The interstellar medium (ISM) in our galaxy, a mixture of gas and dust is known to be highly inhomogeneous with respect to density and temperature. It tends to concentrate near Correspondence to: A. G. Yeghikyan (aray@astro.uni-bonn.de) the galactic plane and along the spiral arms and is composed of a dense, neutral and molecular material, embedded in an ambient warm and tenuous medium (for an overview of the composition of the ISM, see McKee, 1995) . Roughly half the ISM mass is confined to discrete clouds occupying only ∼ 1-2% of the galactic disk volume. The dense component consists of cold atomic HI clouds (T ∼ 100 K) and giant molecular clouds (GMC) (T ∼ 10 − 20 K) with clumpy substructure. These clouds have irregular shapes and overall dimensions and densities ranging from 0.01 − 50 pc and from 10 − 100 cm −3 (HI) and about of 1000 cm −3 (GMC clouds), respectively. Cores of GMC and clumps within GMC are denser (more than 10 3 and 10 5 cm −3 , correspondingly), but they occupy only ∼ 0.1 and ∼ 1% of the GMC volume, respectively (Allen, 2000) .
The possibility of solar encounters with dense interstellar clouds (IC) with particle concentrations about 10 − 1000 cm −3 and more, is of great interest in view of its possible effects upon the Earth. The question of whether dense IC would prevent the solar wind (SW) from reaching the Earth with the result of cloud material directly impacting the terrestrial atmosphere, as well as many other aspects of this complex problem were already discussed in the literature of the past (Fahr, 1968a, b; Talbot and Newman, 1977; Holzer, 1977; Fahr, 1980; Zank and Frisch, 1999; Scherer et al. 2002, and references therein) . Such a scenario is considered as possibly triggering global glaciations, depositions of a prebiotic material on the primordial Earth, possible ecological repercussions for the Earth due to an accretion of the cloud's matter, and of course, bio-mass extinction (Yabushita and Allen, 1997) . It should also be added that in fact the correlation between periods of glaciations and long-time variations in the accretion rate of interplanetary dust particles onto the Earth is revealed (Farley and Patterson, 1995) .
The mean travel time τ between encounters of the Sun with IC, a key parameter in the discussed situation, has been estimated in many works (e.g. Talbot and Newman, 1977; Scoville and Sanders, 1986; Clube and Napier, 1986) , with the help of available observational data on the distribution of neutral and molecular hydrogen in the galaxy and refined statistical analysis. Summarizing, the results of such estimations may be represented as follows:
where δ is a mean free path between encounters and v -rms velocity of the Sun relative to the IC, that is the quadratic mean of the cloud-cloud velocity dispersion and the solar peculiar velocity. It is straightforward to estimate δ roughly as
where D I C is the radius of the IC and N is the number density of clouds. Adopting mean values for the parameters D I C and N (2 and 5 pc, and 15 · 10 −5 and 0.14 · 10 −5 pc −3 for the HI and GMC, respectively, (Talbot and Newman, 1977) , as well as for the v ∼ 20 km/s, (Scoville and Sanders, 1986) , one may finally find 27 Myr and 460 Myr as the mean travel time between encounters of the Sun with the neutral HIand molecular H 2 -clouds, respectively. Scoville and Sanders (1986) have mentioned that the actual time between collisions with GMC will be ∼ 2 times larger (∼ 1 Gyr), while Clube and Napier (1986) have argued for shorter periods, of about 700 Myr. Thus, one may conclude that neutral HI clouds, having a mean density of 10 to 100 cm −3 , and a radius of about a few pc, are objects frequently encountered by the Sun during its galactic journey (more than 100 times since its birth ∼ 4.6 Gyr ago), while the more dense GMC must have been encountered just a few times.
Nevertheless, Yabushita and Allen (1983) , Yabushita and Allen (1989) and Yabushita and Allen (1997) have pointed out that just such a rare passage through the core of the GMC may have substantially depleted the oxygen of the Earth's atmosphere to cause the bio-mass extinction at the Cretaceous/Tertiary boundary, and only such a cataclysmic (not catastrophic) event is compatible with a well-known high concentration of iridium in a clay layer at this boundary. Finally, Wimmer-Schweingruber and Bochsler (2000) have recently interpreted an implanted gas sticking in surface layers of lunar soil grains as a record due to the encounter with a dense interstellar cloud.
To investigate the behavior of neutral matter inside a heliopause, which is a separatrix between the solar wind and the ambient interstellar medium, the interaction of the solar wind with the countermoving flow usually is treated as the problem of the penetration of neutral atoms from the local ISM (LISM) into the heliosphere (see Zank, 1999 , for a recent review). To incorporate as many relevant processes of the interaction between two counterstreaming flows as possible recent models were based on numerical multifluid hydrodynamical simulations (Baranov and Malama, 1993; Pauls et al., 1995; . The first authors followed a semi-kinetic approach, treating the neutral component on the basis of a Monte-Carlo simulation, and constructed selfconsistenly, but time-independently, the gas dynamic model of interaction, without taking into account processes of photoionization. Pauls et al. (1995) used a time-dependent hydrodynamical model to describe the mutual influence of the two components, but the effects of photoionization and gravity were also ignored. This code was also used to investigate the global structure of the heliosphere embedded in an environment with a density of neutral hydrogen increased from the present value n i ∼ 0.1 cm −3 to 10 cm −3 , i.e. by a factor of 100 (Zank and Frisch, 1999) .
Results of 5-fluid hydrodynamic model calculations in which for the first time all dynamically relevant particle populations were self-consistently taken into account, namely solar wind-and LISM-protons, neutral hydrogen atoms, pick-up ions due to charge exchange and photoionization processes of the atoms, galactic and anomalous cosmic ray particles (GCR and ACR), are shown in . As shown on the basis of this model, an increase in the LISM H-atom density by a factor of 10 (to 1 cm −3 ) pushes the termination shock inward to a region close to Saturn's orbit . Solar gravity was also ignored in this model, because only regions with heliocentric distances larger than 3 AU, i.e. outside the corresponding accretion radius r g (see below, Sect. 4), were considered.
But the influence of both gravity and photoionization on the neutral hydrogen flow into the heliosphere seems to be important for quantitative determinations of the flow parameters at regions near the Earth's orbit. Because the kinetic treatment requires very time-consuming numerical codes, we, therefore, prefer a hydrodynamic modelling here. The prevailing physical conditions in the reduced heliosphere suggest that the idealized hydrodynamic equations with the inclusion of the effects of gravity and ionization can be used here (Whang, 1996) . Thus, to describe the behavior of neutrals outside of the reduced heliosphere one may use a simple gasdynamic interaction model, where the system of fluid equations both for neutral material and solar wind plasma are decoupled (see Whang, 1996) , but gravity and photoionization are taken into account. Such an approach was used to study the time-indepedent flow parameters in the heliosphere (Whang, 1996) .
In this paper we use the closed system of fluid equations presented by Whang (1996) to calculate a 2-D gas dynamic time-dependent simulation of neutral flow parameters when the heliosphere is drastically reduced down to a dimension of about 1 AU or less, as a consequence of the increased density of countermoving IC, i.e. 100-1000 times greater than at present. According to the above mentioned estimates, the Sun during its life has encountered more than one hundred times such HI clouds, while only a few denser GMC (i.e. n i > 10 3 cm −3 ) might have been met.
Not included in the present model are external magnetic field influences on the heliospheric structure: even at a 10-fold increased field strength its pressure cannot be comparable to the dynamic pressure of the IC with moderate density n = 100 cm −3 (Parker, 1963) . Moreover, such magnetic fields are attributed, in general, to the more dense GMC, but not to HI clouds (Heiles et al., 1991) .
It should be noted here, that in its early history, the Sun was probably more active than it is now (Guinan and Ribas, 2002 , and references therein). To be more correct, the Sun, some 4.6 Gyr ago, had an initial luminosity of ∼ 70% of the present Sun and was about 200 K cooler, but perhaps had a UV enhancement in the range of ≈ 150-250 nm by a factor of 2 during the first few 10 8 yr (Zahnle and Walker, 1982) . The values for the earlier solar wind intensity are more uncertain. They are based on observational studies of stellar winds from young solar type stars with different ages and indicate that the winds of the young Sun could possibly be 100-1000 times more intense than at present (Lammer et al., 2002) . Finally, Sackmann and Boothroyd (2003) quite recently have shown that the current accurate helioseismic data are consistent with high-precision solar evolutionary models, which predict more luminous Sun with a stronger wind than envisaged by the standard model at first 1-2 Gyr since the origin of the Sun. Such power (2-3 orders of magnitude) of the solar wind encountering HI clouds would enlarge the heliosphere beyond 10 AU and greatly increase the ionization degree of neutral matter at 1 AU, without consequences for the Earth, which itself would be considerably powered by very strong solar output. Dense GMC probably would be able to suppress the powerful solar wind inside 1 AU due to stronger dynamic counterpressure.
In the following we will adopt the present parameters of the solar output, which is valid for the most frequent events under consideration (encounters with IC during last 2-3 Gyr), while more specific models should be developed for the more earlier ones.
How to envisage the interaction with an interstellar cloud ?
As is evident from arguments given in the previous section neutral interstellar cloud matter, when approaching the Solar System, systematically becomes more ionized by photoionization due to continuous action of the solar EUV radiation. On the other hand, at ISM H-atom densities of the order of n H = 10 2 − 10 3 cm −3 , the free passage of a 1 keV proton (i.e. solar wind proton) is restricted by charge exchange reactions to a mean free path of less than λ ex = (n H σ ex ) −1 = 2 · (10 −1 − 10 −2 ) AU. At such solar distances of less than 1 AU the interstellar matter is, however, essentially photoionized. Hence, at these small distances, in a first-order view, an interaction of the solar wind protons with the ionized component of the ISM, rather than with the neutral ISM component, occurs. Adopting an H-ionization degree of the ISM at the border of the plasma-plasma interaction configuration, one can then estimate a corresponding stand-off distance L of the resulting heliopause by :
Here, r 0 is an inner solar reference distance, where the unperturbed solar wind has a density ρ w0 and a velocity V w0 , respectively. The unperturbed ISM is characterized by a density ρ H and a velocity V H relative to the solar system, r sh denotes the termination shock distance from the Sun. The expected termination shock of the solar wind is located at:
where C I SM is the Bernoulli constant of the ionized ISM given by:
Equations (1-3) are valid in the subsonic case (the Mach number of the relative IC motion is less than 1). Similar, but more complicated expressions for the supersonic motion of the IC can be found in the cited paper . Now on the basis of the above heliospheric dimensions the heliopause geometry is determined by:
where R 0 = r sh , φ = π − θ , and θ is the angle between the streamline and the direction of the Sun's motion. The function f (φ) can be modeled based on existing analytical approximations (Fahr et al., 1988; Ratkiewicz, 1992; Wilkin, 1996) . We have used the function given by Wilkin (1996) ,
and can now start our calculations assuming that the IC when approaching the Solar System, but yet outside the heliopause, is only subject to solar photoionization processes. Only after passage over the heliopause will the neutral ISM H-atom gas then become strongly subject to charge exchange processes with the solar wind protons, which here in this paper we do not intend to consistently describe. Nevertheless, we can argue that the size and shape of the heliopause derived with the equations above, practically are not influenced by the pickup ions created from ionization of neutral atoms occurring between the Sun and the heliopause/termination shock. This is due to the fact that H-atoms undergoing charge exchange in the innerheliospheric region with a supersonic solar wind produce H-pick-up ions which not only act upon the solar wind by momentum loading, but also by their pressure gradient. It can then be shown (see Fahr and Chashei, 2002; Fahr and Rucinski, 2002) that the effect of H-pick-up ions, behaving nearly isothermal with the solar wind expansion, is just to cancel these two oppositely directed forces and to guarantee a nearly undecelerated solar wind flow, keeping the effective ram pressure at a constant level. In this region downstream of the termination shock the charge-exchange processes of H-atoms with solar wind protons are anyway of nearly no dynamical and thermodynamical impact, since in this subsonic plasma region H-pick-up ions hardly can be distinguished from original solar wind protons. Thus our 
conclusion is that neutral H-atoms penetrating into the heliosphere, even though not treated quantitatively here, can be expected nearly not to change the heliospheric configuration.
To what extent would the circumsolar cloud be neutral: the static case
The degree of ionization of the interstellar gas surrounding the Sun has been determined for modest densities in earlier works of Williams (1965) and Krasnobaev (1971) under the assumptions that there is no hydrodynamic motion (LISM at rest with respect to the Sun) and effects of the solar wind are negligible. These authors have shown similar results for the density range n = 1 − 500 cm −3 : gradual decrease in the ionization degree with solar distance up to a few 1000 AU, in accordance with simple estimation of the thickness of the transition region, d ∼ (a · n) −1 , where a = 6 · 10 −18 cm 2 is the photoionization cross section of HI. In a more dense molecular environment, existing in the cores of GMC and their clumpy substructures, with densities of about 10 5 cm −3 , a sharper photodissociation region should be developed due to the fact that photodestruction of the H 2 is produced by photon absorption in UV lines by, compared to a, 2-3 orders of magnitude larger cross sections. Yabushita and Allen (1983) have argued that if the Sun should ever have passed through such dense core of GMC (n H = 10 5 ), then as much oxygen as is now present in the terrestrial atmosphere could have been removed, due to water formation.
Model of the neutral gas flow
We approximate the situation as follows: let the Sun be in the origin of a system of cylindrical coordinates (r, ζ, z), and let the axis of symmetry z be antiparallel to the motion of the Sun, that is the countermoving cloud matter flows from left to the right (Fig. 1) , i.e. into the positive z-direction. The Sun affects the circumsolar flow by means of gravitation, solar wind plasma flow and solar radiation.
As is mentioned in Sect. 2, except for the interaction interface (within the range of a few free paths of the solar wind protons with respect to IC H-atoms, say 1 AU at 100 cm −3 , and less for larger densities of neutrals), the steady-state neutral flow is completely shielded from the direct solar wind influence.
Effects of the hydrodynamical motion of the inflow upon the ionization state of the gas will be examined below. It should be underlined here that we have focused our consideration to completely neutral inflow matter and to IC densities of, and greater than, 100 cm −3 . This is enough to justify the hydrodynamic approximation as close to the Sun as 1 AU, because at these densities the mean free path of the particles is less than 1 AU due to collisions between them with cross sections of more than 10 −15 cm 2 .
To describe the behavior of the neutral flow, as a first step, one can choose simply a single-fluid model, which is a set of conservation laws for mass-momentum-energy-flows with the right sides containing the corresponding source terms due to gravitation and ionization (e.g. Whang, 1996) :
Here, ρ, V and P are density, velocity and scalar pressure of neutral hydrogen, respectively, ik = ρV i V k + P δ ik , and E = 1 2 ρV 2 + P γ −1 are the HD-stress tensor and the total energy per unit volume, respectively, R = (r 2 + z 2 ) is the heliospheric distance in a cylindrical coordinate system (r, ζ, z) with symmetry axis z, γ = 5/3 is the specific heat ratio for monatomic hydrogen gas, µ is a factor denoting the ratio of the repulsion force by solar L α radiation to the gravitational attraction force, and M and G are the solar mass and the gravitational constant, respectively. The total ionization rate of neutral hydrogen atom by charge exchange ionization and by photoionization is approximately defined by (Whang, 1996) :
with β 0 = β ce = 7.68·10 −7 s −1 . The photoionization rate β φ itself is equal to 8 · 10 −8 s −1 at the same reference point r E . In the following we will use β 0 = β φ according to the above condition that neutral flow material in the region described in this paper is completely shielded from solar wind protons. The flow of neutral hydrogen in the heliosphere is assumed to be symmetrical about the z-axis, so the results shown here can be rotated with respect to the z-axis.
For an axis-symmetrical case, when all derivatives in ζ vanish, using dimensionless variables
where u and v are the corresponding components of velocity V, this system has a standard vector form of a hyperbolic set of partial differential equations (LeVeque et al., 1998) with relevant source terms on the right sides given in the form:
When, omitting the tilde on top of the variables for the rest of the paper, we obtain
is constant due to our choice of β. The initial data describe an inner cavity with a shape given by Eq. (7) and density ρ w , and a counterstreaming unidirectional homogeneous inflow of gas.
With the adopted values ρ E /m p = 5 cm −3 , ρ i /m p = 100 and/or 1000 cm −3 (m p is the proton mass), V w = 400 km/s and V i = 26 km/s, we have solved the above system by means of the well-known LeVeque's code CLAWPACK (LeVeque et al., 1998) , based on Godunov's method with high-order correction terms, on a uniform grid 160×60. Here we present results for the most important cases with countermoving IC densities n i ∼ 100 cm −3 and temperatures T i 100 K, as shown in Figs. 1-3. Our choice of T i is based on the fact that a dynamical timescale τ d ∼ D/V H ∼ 20yr is much less than a heating timescale τ h , which can be defined as 1/β ∼ 1/β φ /(D) 2 ∼ 4000 yr, where D ∼ 100 AU is the characteristic dimension.
Length units are in units of the ionizational length scale λ, which is equal to 0.46 AU for the adopted parameters, and for the calculational domain used this corresponds to a spatial resolution of 0.5 AU along the z-axis. The models have been integrated forward in time until a steady configuration is reached (usually corresponding to a few hundred years).
In Fig. 1 , the isodensity contours as functions of coordinates r and z are shown, while in Fig. 2 the distribution of density and axial component of velocity versus axial distance z is represented at the corresponding radial coordinate r = 1 AU.
In Fig. 2 , we compare the calculated distribution of density for different cases (gravitating, non-gravitating and lowered photoionization rates) with that of a cold (collisionless) kinetic model (e.g. Holzer, 1977 , his Eq. 21) for the same input parameters and β = β φ = 8 · 10 −8 s −1 . The density increase close to the Sun is evidently caused by gravity (cf. the cases G = 0 and G = 0 in Fig. 2 ), whereas the strong density enhancement in the downstream region shown by the "cold" model is typical for all collisionless models, with the singular behavior of density in the tail close to the axis. It should be noted here that the enhancement of the density in the downstream flow is revealed in all 2-D hydrodynamic calculations of axisymmetric accretion flow without (Hunt, 1971; Shima et al., 1985) and with counterpressure due to the stellar wind (Shima et al., 1986) . As their results show, increasing the distance from the central body and the Mach number of the flow causes the density enhancement downstream to decrease and to approach only a few units at an accretion radius r g = 2GM/V 2 i (Hunt, 1971) . There is no point of infinite density on the axis (Shima et al., 1985) . At the same time these authors have not taken into account any processes like photoionization, which is partly capable of suppressing the contrast of the tail with respect to the surrounding region. It is clearly seen in Fig. 2 (right bottom) , where the density distribution for the standard case (β φ = 8 · 10 −8 s −1 ) is compared with that calculated for lower rates β φ = 5 · 10 −8 and 3 · 10 −8 s −1 . The lower the photoionization rate is, the larger is the density enhancement downstream, in accordance with the authors cited above.
The optical depth in the L α hydrogen line, even at the 1 AU, would always be greater than 1 for n i 100 cm −3 . At the same time an influence of diffuse scattered L α photons would be negligible. The point is that only the first scattering of the solar L α photon contributes to the radiation pressure, because multiply scattered photons become more or less isotropic and do not contribute significantly to the momentum transfer anymore, i.e. their net effect would be zero. The solar L α profile has about a 2Å width, whereas the IC H atom in the front of the flow, with a radial velocity component of 40 km/s would scatter photons, shifted only 0.2Å from the center of the line (Holzer, 1977) . It evidently means that the deeper layers of the flow will not receive direct solar L α radiation due to the absence of any considerable velocity gradient. Thus µ = 0.1 seems to be a fairly correct approximation. Nevertheless, to qualitatively reveal the differences between the optically thick and optically thin cases (in other words, between isotropic and non-isotropic diffuse radiation fields), the results for values µ equal to 0 and 1, respectively, are shown in Fig. 3 (which, of course, also corresponds to the cases with and without gravity, shown in Fig. 2) .
For the present inflow density of about 0.1 cm −3 our results coincide with that of the single-fluid model of Whang (1996) (with β = β ce ), but we can't compare them at 1 AU with Zank and Frisch (1999) , because these authors have presented results for an IC density of about 10 cm −3 , when our approach is not valid at 1 AU. In addition, Zank and Frisch (1999) have not taken into account gravity, which is important for the simple reason that only when R ≥ r g , the flow is unaffected by gravitation (Talbot and Newman, 1977) . For V i = 26 km/s one finds r g = 2.6 AU. It means that the case of Bondi's flow with ρ ρ i (r g /R) 3/2 and V 2 2GM/R is applicable inside the distance r g (see Fig. 2 ).
We can now estimate the amount of neutral gas accreted by the Earth (an interaction between the charged particles and the magnetosphere is more complicated, and we simply assume here that all of them will be deflected). By order of magnitude accuracy one may write for the amount of accreted matter (Butler et al., 1978) :
where R E is the Earth's radius, which practically coincides with the Earth's accretion radius at relative velocity V rel of the H-atom with respect to the Earth of about 40 km/s. It is clear that there is an annual variation in V rel between 10 to 70 km/s due to the orbital velocity of the Earth, equal to about 30 km/s. An average value of 40 km/s, therefore, would be quite reasonable. Due to many uncertainties involved in the downstream region, where the direct influence of the solar wind protons is essential, we have used an upstream density value at 1 AU. For example, for n i 100 cm −3 , using calculated values of n (about 100 cm −3 , see Fig. 2 ), one finds that during the pass-over time of about 1 million years the Earth may accrete about 2 · 10 16 g per one passage. The calculated value is by two orders of magnitude less than that estimated in Butler et al. (1978) , because lower relative velocities of the encounter (about 2 km/s with corresponding r g ∼ 400 AU ) were considered.
It is a quite accurate result up to a factor of 2 in the case of a perpendicular inflow to the ecliptic plane, and is a lower limit in other cases, because we have not taken into account here the density enhancement inside the r g . We can qualitatively argue that such behavior would be the case even at the downstream side of the density maximum, because nowhere in the heliosphere does a sink mechanism for neutral atoms other than photoionization exist (electron impact ionization at 1 AU would be negligible). Newly-created fast neutrals (due to charge exchange with solar wind protons) may also be accreted by the Earth. The quantitative investigation of such a scenario will be addressed in a forthcoming paper.
It should be pointed out that the results of our hydrodynamic model close to the downwind axis may be affected by some numerical problems related to the mesh size. Moreover, for IC modest densities of ∼ 100 cm −3 , hydrodynamic treatment, as is mentioned above, is not fully valid for the distances less than 1 AU. On the other hand, for the same distances, the differences between the hydrodynamic and cold kinetic models (Fig. 2, top, right) are of the order of a factor of 2.5. Since uncertainties related to the uncertainty of the L α radiation transport are also of about a factor of 5 or less (Fig. 3, top, left) , the approximation that is obtained seems sufficient to draw the qualitative conclusions that are presented.
Effects of neutral molecules generated by irradiated dusty grains
In Sect. 4, we have assumed that only sinks are present for the neutral H-atom flow without any sources. On the other hand, by direct analogy with comets one can't exclude gas-loading of the flow by neutral gas, generated via gas-desorption from dust grains, present in the cloud's matter and dynamically incorporated into the IC gas. Since these particles are likely to be very fast rotators (Spitzer, 1978) , one can assume that the distribution of desorbed molecules is isotropic with respect to sublimated dust grains. It means that gas-loaded flow should be predominantly controlled by the source term, i.e. the conservation of mass (Eq. 8), and consequently, as a first approximation, the corresponding terms in Eqs. (9) and (10) can be neglected, as first pointed out by Biermann et al. (1967) in the case of the interaction between the solar wind and comets. Thus, only Eq. (8) needs to be rewritten as
where Z t is a total gas production rate in units mol · s −1 · cm −3 , and m n is a mass of newly-created molecules. Taking β 0 = β φ and assuming a timeindependent injection rate inside some R ≤ R c , we then obtain that the flow may be affected, if Z t ∼ β φ · n i , that is when the rate of gas-desorption is comparable to the rate of photoionization. The question of whether a population of dust grains in the matter of dense clouds exists, which may cause such a mass-injection rate, is the subject of the following discussion.
Dust grains when entering into the inner solar system will, at first, evaporate their volatile mantles, which according to generally assumed "core-mantle" models (e.g. Williams, 1993, see below) , depending on environment conditions, predominantly consist of icy water (about 80-90% H 2 O, and 10-20% CO, CH 4 , NH 3 , etc., by the number of molecules). Due to consecutive photodissociation of water and some other species, under the influence of the Sun's irradiation, new hydrogen atoms should be inevitably created (see, e.g. Fahr et al., 1981) . From now on, we will use a vaporization theory describing a sublimation from solid to gas, developed to calculate the evaporation rate of cometary nuclear ices, as the comet approaches the Sun (Delsemme, 1982) . The total production rate of gas per 1 particle Z 0 = Z E · 4π s 2 , in units mol · s −1 , depends strongly on the dust grain surface temperature T d and latent heat per molecule for the vaporization, rotation rate, albedo, chemical composition, etc. Here, Z E is the gas production rate per unit area, at 1 AU.
Results of theoretical calculations of Z E , presented in the above cited paper (Delsemme, 1982) are given for different ices at 1 AU, per unit area of the perfectly absorbing, nonrotating nucleus. For the mentioned dominant components H 2 O, CO and CH 4 the values of gas production · s −1 apply both for production rates of water (comet P/Encke, albedo∼0.7) and atomic hydrogen (comet Bennett 1970 II, albedo∼0 .7) (Delsemme, 1982) . Optical properties of interstellar dust particles cause an albedo within the narrow range of 0.5-0.7 (Mathis, 1996) . Strictly speaking, the thermal behavior of dust must be determined selfconsistently with that of gas and dust dynamics. In principle, T d may be obtained through a detailed solution of the equation of conservation of energy, including heating and cooling mechanisms. Due to the many uncertainties involved, to qualitatively describe the mass-loading by newly generated neutral molecules, appearing as the result of vaporization of inflowing dust grains, we have adopted a simple heliocentric distance-dependence according to
regardless of the type of newly-created neutral molecules is concerned. All the species evaporate with adopted gas production rate Z E ∼ 10 16 mol/cm 2 /s at 1 AU. Mass-loading of the flow only takes place within a limited region R min ≤ R ≤ R max . To calculate the total gas production rate
it is necessary to know the dust-to-gas density ratio d g = n d /n i , depending on the grain size distribution law and grain radii s, which is a nontrivial problem. For order of magnitude estimations we have used the model of core-mantle grains with a power law size distribution
the same form as is widely used to model the extinction curve in the general ISM (Mathis et al., 1977; Kim et al., 1994; Mathis, 1996; Bhatt, 1986; Rowan-Robinson, 1992; Maiolino et al., 2001; Maiolino and Natta, 2002) . Strictly speaking, large dust grains with volatile icy mantles, grown under the conditions of the dense core of the GMC, are absent in the usual diffuse clouds, but they may be present in a dense small-scale (5-10 AU) structure, which probably is a general property of the ISM (Frisch, 1996; Sciama, 2000, and references therein) . Nevertheless, to be on the conservative side, we place a limit only on the GMC cases.
We can now estimate the gas production rate. Three populations of dust particles were analysed with different grain mantle sizes, namely, 0.5, 3 and 30 µm, respectively. If the total dust-to-gas ratio is known from the extinction properties of the molecular ices, one may then calculate the grain surface area per hydrogen particle averaged over the mentioned power law size distribution. For example, for particles with s ≤ 0.7µm (e.g. Rawlings et al., 1992; Smith et al., 1988) 
2.6 · 10 −22 , where s is in cm and the slope h = 3.5 is used to calculate the d g . For 3 µm-sized particles we have extrapolated this value by means of the slope h = 2.5 of flattened power law distribution (Maiolino et al., 2001; Maiolino and Natta, 2002) . Data for the largest size population were taken from Rowan-Robinson (1992) and are consistent with h = 3.5. Results are summarized in Table 1 , where gas production rates Z t are calculated for a ratio Z/Z E = 10 −4 , which corresponds to the distance R = R max = 100 AU. It is clearly seen that (at the same distance) the rate of gas-desorption Z t predominates the rate of photoionization β φ · n i 8 · 10 −10 cm −3 · s −1 . Thus, all three possible kinds of entering dust populations may affect the flow, especially the density behavior inside the solar system, which is illustrated in Fig. 4 , where modest values of the ratio ω = Z t · m n /β 0 /ρ i = 1 and 10 at 1 AU were used.
At the same time such high gas production rates imply fast and complete sublimation of micron-sized particles long before they may reach the distance of 1 AU, because all of them only contain a limited number of molecule species, frozen in the mantle. In that case always R min > 1 AU is valid, so the final effect would depend on the grain size distribution law.
On the other hand, the value ω > 10 3 is characteristic everywhere for the first two kinds of particles, or even for all of them, when one recalculates the data of Rowan- Robinson Fig. 4 . Number densities, axial and radial components of velocity of the neutral gas-loaded flow versus axial distanse z, at a radial coordinate r = 1 are shown by red curves. Here n i = 10 5 cm −3 , V i = 26 km/s, T i = 100 K, β 0 = β φ = 8·10 −8 s −1 , ω = 1 at 1 AU and R min = 1 AU, respectively. For comparison, results for the case without gas-loading also are shown by blue curves. At the top right panel different cases, without gas-loading, with gasloading at ω = 1 and gas-loading at ω = 10 are shown by blue, red and green curves, respectively. Everywhere µ = 0.1.
(1992) with a flattened slope h = 2.5. It means that decreased values of the Z E by the factor of 100-1000 may cause different situations, when R max 1 AU.
It should be noted here, that the above values of the Z E are calculated for pure species (Delsemme, 1982) , while an influence of a solid phase matrix, where they are frozen-in, may be essential. For example, desorption of methane trapped in amorphous water ice is greatly suppressed by this effect; the critical sublimation temperature of 50 K for pure CH 4 increases to 150 K for the case of CH 4 frozen-in an H 2 O matrix (Hiraoka et al., 1998) . In other words, thermal desorption of the "dirty" ice may be different with the result of a strongly reduced evaporation rate.
This case for methane may be important because its abundance in the icy mantles of dust grains in molecular clouds, unlike in comets, is more than 20% of water (Yeghikyan et al., 2001) , while the evaporation rate (at the corresponding critical sublimation temperatures) is 6 times greater than for water (Delsemme, 1982) . Further theoretical and laboratory work which investigates ice mixture sublimations at different temperature regime is needed to define more precisely their influence on the dust-gas flow dynamics near the Earth.
Thus, we conclude that gas-loading of the gas flow by the dust molecules evaporated from the dust grains may perhaps also increase the total amount of gaseous matter accreted by the Earth. For the density of incoming flow of about 10 5 cm −3 and for conditions, shown in Fig. 4 , they are about 3·10 21 , 6·10 21 and 7·10 22 g, per 1 passage through the dense core of GMC for the cases without gas-loading, gas-loading at ω = 1 and gas-loading at ω = 10, respectively. Such amount of accreted neutral gas is quite enough to completely remove all 4.4 · 10 43 oxygen atoms (in the form of O 2 ) of the present atmosphere, by the mechanism of Yabushita and Allen (1983) mentioned in Sect. 3. In a more recent paper Yabushita and Allen (1997) have pointed out that the reduced abundance of oxygen contained in ancient amber may be a record of such an event about 65 Myr ago.
About 1% of dropped-out matter is dust, with probable refractory organic species in the mantle (roughly half the material). It would cause an annual accretion rate of dust of about 1 · 10 13 g/yr (corresponding to the case without gasloading), which, by order of magnitude, is less than the amount necessary to rapidly cool the Earth (Yabushita and Allen, 1985 , and references therein). On the other hand, in the case with gas-loading, even the small values of ω = 1 or 10, by 2-3 orders of magnitude less than the maximum possible value which allows the gas-loading, ω = 10 3 , would greatly increase neutral hydrogen fluxes at the Earth, up to 10 13 atoms/sm 2 /s, which is greater by 7 orders of magnitude, than at present. This highly reactive hydrogen could reach stratospheric heights at 40-50 km by direct inflow and accumulate to levels that may be relevant for ozone depletion, and inevitably cause strong influence on the terrestrial climate (Fahr, 1968a, b; Bzowski et al., 1996) .
Conclusions
In this paper we have shown that efficient dust evaporation processes increase the inflow density and push the heliopause down to the Earth, with the result that counterstreaming IC material directly influences the Earth. Investigation of the ionization structure of the inflowing material shows that cloud matter near the Earth is only weakly ionized. At IC H-atom densities of the order of n H = 10 2 − 10 3 cm −3 , incoming matter when approaching the Sun, but yet outside the reduced heliopause, is only subject to photoionization processes which simplify the hydrodynamic model of the flow. Thus, we have carried out the time-dependent simulation of neutral flow parameters by means of the 2-D gas dynamic numerical code, which takes into account both photoionization and gravity of the Sun. These processes are important to quantitatively estimate the total amount of neutral material, accreted from the cloud by the Earth during the pass-over time of about 1 million years. We have estimated this amount to be greater than 2 · 10 16 g per 1 passage, about 1% of which is in the form of dust (H 2 O "dirty" ice or silicate grains, or both) with probable refractory organic species in the mantle (Yeghikyan et al., 2001) . It may be important as a source of accumulated prebiotic material on the Earth during the manifold passages of the solar system through similar interstellar clouds.
We have also shown that large dust grains of the cloud, when present in countable abundance, serve as a source of neutrals, generated by the solar UV irradiation of dust particles, followed by a strong influence on the gas flow, by mass loading. It is shown that all kinds of dust grain populations with large icy mantles (grain radii are 0.5, 3 and 30 µm, respectively), discussed in the literature, are able to significantly gas-load the neutral gas flow with the result of a more than one order of magnitude increase in the gas density of neutrals near the Earth, as compared with the case without gas-loading.
Finally, it should be mentioned that work is in progress to incorporate into the model both the solar wind flow interactions and changes in chemistry in the inflowing gas and dust, bearing in mind probable contaminations of the Earth's atmosphere.
